Abstract: Duckweed, a prolific aquatic plant, can be used for products including: biofuels (ethanol) and animal feeds. Researchers at North Carolina State University have worked for a decade to develop a system to produce high-protein duckweed biomass utilizing the nutrient-rich effluent from anaerobic digestion of swine wastewater. This aspect of the project was to evaluate a feeding trial utilizing duckweed materials as a protein source in laying hen feed. The nutrient and energy composition of the Duckweed grown in these conditions was determined, then the impact of duckweed in a commercial layer diet on egg production and feed conversion was evaluated. The duckweed samples analyzed contained 29.05% CP, 25.08% C Fiber and 695 kcal/kg AMEn based on a feeding trial with marker. The analysis was used to formulate a layer diet containing 12.6% duckweed. Both the Control (C) and Duckweed (D) diets were formulated to be Isonitrogenous (18.1% Crude Protein) and Iso-caloric (2930 kcal/kg). Sixty Hy-Line, w-36 hens were randomly divided into 4 replicates each containing 15 hens from 76-88 wks of age, 2 replicates were placed on the C Diet and the remaining 2 were fed the D diet. Feed consumption and egg production monitored daily and each wk one days collection was analyzed for USDA Grades, haugh unit, shell strength, vitelline membrane strength and yolk color. On wks 3, 7 and 11 whole 6 egg pooled samples were collected and sent in for nutrient composition laboratory analysis. The D diet had no impact on the hen performance over that of the C diet group, 71.1 and 69.5% hen-day production, respectively. There was a significant increase in the percent Grade B eggs in the hens fed the D by 2% over the C hens. Surprisingly, there was no difference in the nutrient composition of the eggs except for Omega 3 levels which were 0.06 % higher (P<0.0001) than in the C hens. The results indicate that duckweed can be fed at a 12.6% inclusion rate and not impact the performance of laying hens and may be a means of enhancing Omega 3 levels in eggs.
INTRODUCTION
Spirodela polyrrhiza is the most geographically distributed species of simple aquatic plants commonly called duckweed. Duckweed species are characterized by extremely rapid growth, simple morphology and high protein content (Landolt and Kandeler, 1987) . Although duckweeds can be a nuisance when overgrowing ponds, they have also attracted considerable attention for their ability to capture mineral contaminants from sewage water from sources such as waste from commercial livestock operations or highly irrigated crop production (Landolt and Kandeler, 1987) . Their high protein content, ranging from 25-40%, has prompted numerous studies in decades past to determine the feasibility of using duckweed biomass for animal feed (Leng et al., 1995; Hanexakowski et al., 1995) . However low commodity prices, adequate grain and soybean species for value-added products or enhanced supplies and lack of duckweed agronomic cropping systems at the time these research studies were done all mitigated against further development of duckweed as a crop. Twenty-first Century increased global demand for commodity grains and soybeans for feed, fuel, chemical and polymer production has altered the economic picture for duckweed. Researchers at North Carolina State University have been working for a decade to develop a system to produce high-protein duckweed biomass utilizing the nutrient-rich effluent from anaerobic digestion of swine wastewater. There has also been a renewed interest in identifying valueadded products that could be derived from duckweed biomass. Development of genetic engineering methods (Stomp and Rajbhandari, 2000) and recent genome sequencing of S. polyrrhiza [http://www.jgi.doe.gov/ sequencing/why/duckweed.html] provide valuable technological resources for genetic modification of the wastewater treatment capability.
MATERIALS AND METHODS
A sample of dried duckweed was received into the laboratory for analysis. Prior to its use as a feed ingredient a sample was analyzed for % Dry Matter, Crude Protein, Crude Fat, Crude Fiber, Calcium, Phos and AMEN Kcal/kg. Table 1 shows the complete nutrient analysis for the Duckweed sample. For this trial we used 60, 74 Week old W-36 Commercial white leghorn hens. The hens were randomly divided into 4 blocks each containing 15 hens. These hens were fed two different diets, the duckweed samples w e analyzed contained 29.05% CP, 25.08% C Fiber and 695 kcal/kg AMEn based on feeding trial with marker. The analysis was used to create a layer diet containing 12.6% duckweed. Both the Control (C) and Duckweed (D) diets were formulated to be Iso-nitrogenous (18.5% Crude Protein) and Iso-caloric (2905 kcal/kg) as shown in Table 2 . Each hen was weighed and individually housed in a 13" x 18" x 23.5" Cage with an individual feeder. The hens were placed in the pens two weeks before the trial and allowed to acquaint themselves to their new environment. After two weeks, 2 blocks were placed on the C Diet and the remaining 2 were fed the D diet. The amount of feed was weighed and recorded daily with feeder weigh backs every two weeks. Egg production DL-Methionine 1.00 1.50
was recorded daily.
The physical egg quality data was collected each week on a sample of eggs that collected on the second day of each week. The previous 24 h production was used for data collection. The eggs were candled for USDA interior quality and exterior shell quality. USDA Grade Standards as described in CFR Part 56 were applied. The eggs were candled using a high intensity halogen candling light. After the eggs were candled they were taken to the laboratory for Shell strength and elasticity, Haugh Unit score, Vitelline Membrane Strength and Yolk Color. Shell strength was determined by the compression force required to break the shell using a texture analyzer (TA-XT2, Texture Technologies Corp., Scarsdale, NY) set up with an acrylic disk to apply the force to the egg setting small end up in the holding apparatus. Peak force was measured in g and the shell deformation prior to the break (elasticity) was measured in mm. Haugh units were determined using the methods of Haugh (1937 
RESULTS

Body weight:
The results from Table 3 show the effect of duckweed on the body weight of the laying hens. At the start of the study the control hens were (p<0.05) heavier than the hens placed on the Duckweed diet. When the study terminated there was no difference between the two groups of hens. It was shown that the control hens lost more weight than did the Duckweed treatment hens, however these results concluded that duckweed had little impact on the changes of the body weight of a laying hen. Table 4 shows that duckweed at this inclusion level had no effect on a egg production or feed conversion. Feed consumption was high in both groups but appeared to be attributable to feed wastage in both groups. Table 5 shows the impact of feeding duckweed on the USDA grade. There were no significant effect on the percentage of AA or A grade eggs however there were (p<0.0001) greater numbers of Grade B eggs from the birds on the duckweed diet. This points to a shift in egg grades downward with the inclusion of duckweed.
Duckweed's effect on shell and vitelline membrane breaking strength and elasticity are shown in Table 6 . From this data it shows that the egg shells from the duckweed diet have a greater elasticity than those eggs from the control hens. This was also the case in with higher vitelline membrane elasticity as well. Egg weight, percent shell, albumen and yolk component percentages shown in Table 7 indicate that duckweed in the hen's diet had no effect. The only data of significant difference was the color of the yolk, the Rouche color score increased quite significantly from a color of 7 to 11. The protein level in the dried whole egg was not different between the groups. The nutrient composition of the eggs produced by the control and Duckweed fed hens are shown in Table 8 . There were no differences between the two diets in Total, Saturated, MonoUnsaturated or Poly-Unsaturated fats. However, the level of Omega fatty acid was (p<0.0001) higher in the duckweed eggs by 0.06%. Cholesterol, Vitamin A, Beta Carotene and Vitamin E were not influenced by the presence of Duckweed in the diet. Cholesterol levels in both dietary groups were much lower than the USDA Nutrient guide of 231 mg/50 g where in this study there was 185.5 and 181.5 mg/50 g of whole egg in the Control and Duckweed Diets, respectively. 
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